The aims of this study are (1) 
INTRODUCTION
Fluoroscopy is a type of medical imaging that shows a continuous X-ray image on a monitor to be reviewed by the physicians. The image is projected to a screen so that the movement of a body part or an instrument or contrast agent through the body can be viewed in detail. This examination provides a real-time X-ray projection imaging of dynamic processes as they occur. Fluoroscopy is performed for diagnostic imaging purposes by the visualization of patient anatomy and also for therapeutic purposes through interventional procedures (Nyathi et al. 2009 ). The diagnosis and treatment can be executed; for example, by viewing the gastrointestinal tract, guiding and directing the movement of the catheter through the vessels and ducts as well as assisting with the placement of the stents.
It carries some risks like the other X-ray procedures. The dose of radiation varies from patients to patients, depending on the individual procedure, patient size, exposure parameters such as kVp, mAs and time setting. For an example; a higher kVp setting is needed for a bigger sized patient to enhance x-ray penetration. However, every procedure may result in a relatively high radiation dose. The radiation is more pronounced in complex procedures such as placing stents or other devices inside the body which require the examination to be administered for an extensive period of time.
Radiation-related hazards associated with fluoroscopy include radiation-caused injuries to the skin and underlying tissues which occur briefly after the exposure, and radiation-induced cancers, which may take place sometime afterwards in life (US Food & Drug Administration (FDA) 2014). However, the chance that a person will experience these effects from a single fluoroscopic procedure is statistically very low .
Therefore, if the procedure is medically essential for the patient, the radiation threats are compensated by the benefits. In fact, the radiation risks are usually far less than other risks not associated with radiation like anesthesia or risks from the treatment itself. To decrease the radiation risk, fluoroscopy ought to constantly be carried out with the least possible exposure for the shortest time required (Kumar 2014) .
This study aims to determine the scattered radiation dose levels in routine fluoroscopy procedures and to compare them with the equivalent chest x-rays, besides carrying out a surveillance on medical officers practices in our center. The results from the surveillance will be utilized in improving the healthcare management quality in fluoroscopy procedures in our department.
The procedures are usually performed by medical officers such as postgraduate students who most of the time carry out the procedure without the direct supervision of the fluoroscopist. The concern exists when they tend to capture as many images as possible to avoid missing any abnormalities. The fact that radiation will be attenuated as it traverses through tissue leads to the biological effects associated with radiation (LaTorre 1989). The probability of causing biological damage in tissues is not only restricted to high doses, but exists even at low dose levels.
MATERIALS AND METHODS
This cross-sectional study took place at the Department of Radiology in one of the tertiary teaching hospitals in Kuala Lumpur. All fluoroscopy procedures for the duration of four months were observed using fluoroscopy machine (Toshiba . Scattered radiation dose reading in the examination room was determined using a calibrated personal alarming dosimeter (RADOS which was placed in a pouch attached to an elastic tape. The pouch hanged from the arm of the x-ray tube. Another dosimeter was worn by the medical officer under their lead gowns. Scattered radiation dose at the control panel area was determined using a calibrated auto-ranging survey meter (451P Pressurized uR Ion Chamber).
Patient-related parameters were recorded in the data collection sheet for a four-month period. The parameters included were the age, gender, type of examination, number of images, clinician(s) performing the examination, radiographer(s) in charge, screening time, dose reading, kVp value, mAs value, grid and collimation usage.
The patient's age, gender and type of examination were obtained from the radiology examination request form. The number of images was found on the Integrated Radiology Information System (IRIS). Meanwhile, the data for screening time, kVp and mAs value, grid and collimation usage were gained from the control panel board. The rotation schedule for medical staff provided the name of the clinician and radiographer in charge for the duration of this study. All radiation doses were acquired from the dosimeter and survey meter which provided the real time measurement.
All the data were analyzed using SPSS Version 22.0 software, which contained tools for quantitative descriptive analysis, tables and chart builder features as well as the correlation test. This paper was produced based on the routine clinical audit data collection in order to identify opportunities for improvement of our department services and medical postgraduates students' quality of radiology services. No ethical issues were related to this publication as it never involves any changes in the health services and management.
RESULTS AND DISCUSSION
This study managed to involve a total number of 105 patients who came to the unit to undergo fluoroscopy examinations by non-probability convenience sampling. The largest ethnic group recruited is Malay which is 62.86%, followed by Chinese (24.76%), foreigners (7.62%) and Indians (4.76%) ( Figure 1) ; whereby 62.86% of them were female patients and 37.14% were male patients ( Table 1) .
The overall mean of the patient's age was 39.87 ± 21.46. The youngest patient recorded was a four-month old infant while the oldest was a 81-year-old patient. The mean age of the patients, according to the type of examination is tabulated in Table 1 . There are 14 types of fluoroscopy examination captured during this study. The most frequent examination requested is a hysterosalpingogram (HSG), an X-ray test that examines the uterus and Fallopian tube area usually for infertile female patients. Other common examinations were micturatingcystourethrogram (MCUG), barium swallow and barium enema.
The results in Table 2 are elaborated below. Between the 14 types of examination, barium swallow showed the FIGURE 1. highest number of images captured in one examination which is as eminent as 115 images with an interquartile range (IQR) of 71. The lowest number of images captured was found in HSG examination with the median of 9 images (IQR = 4). In the barium enema examination, the longest screening time was documented by the median screening time of 9.15 seconds (IQR = 6.48). Whilst the shortest screening time was 0.50 seconds in dacryocystography (DSG) examination. The scattered dose received by the medical officers was detected to be in the range of 0.5 to 1.0 µSv during barium meal examination, T-tube cholangiography, upper gastrointestinal examination and gastrografin study, even though the dosimeter was placed inside their lead gown. Meanwhile, scattered dose in the examination room showed the highest median of 165.50 µSv in the barium meal examination and the lowest 1.00 µSv in DSG. Table 3 outlines the analysis specifically for paediatric patients (age 18 and below). The total number of paediatric examinations is fifteen, involving MCUG, distal loopogram, fistulogram and upper gastrointestinal examination. The mean age of paediatric patients is 5.38 ± 5.72 for MCUG, 1.33 ± 0.58 for distal loopogram, 4 years old and 6 months old for fistulogram and upper GI, respectively.
From the table, the median number of images for all examinations is more than 10 with the highest images captured were in the upper GI examination; which also recorded the longest screening time, 4.9 seconds. Additionally, the dose received by the medical officers was contributed by this particular examination during the paediatric cases. The table also notes down on two cases where the removal of the grid is not applied during paediatric examination.
A scrutiny of the relationships among those parameters in adult and paediatric patients is illustrated in Table 4 . In adults, a moderate positive correlation is found between screening time and scattered dose in the examination room and dose received by the doctors (r = 0.634 and 0.556; p < 0.01). The same trend was observed in paediatric as well (r = 0.617 and 0.527; p < 0.05), in addition of a strong positive correlation between screening time and number of images (r = 0.772, p < 0.01).
The analysis reveals that, females are the majority of the subjects in this study, due to the most frequent procedure done during the study period; HSG. The HSG is carried out on females to examine infertility, recurrent miscarriages, post tubal surgery assessment, and assessment of the integrity of a Caesarean uterine scar (Chapman & Nakielny 2001 ).
Our subjects comprised of patients as young as four-month old infant who underwent MCUG and as old as 81 years who underwent cystogram. MCUG is an examination on paediatric patients where the patient is asked to micturate during the examination. In the case of the infant, the medical staff would wait for the baby to urinate to take the images. Whereas, cystogram is commonly performed for any bladder study to investigate the system function, usually in adults (Chapman & Nakielny 2001) .
The total number of images captured was found to be the highest in barium swallow examination, which is almost five times higher compared to the common practice which is around 24 images (Wall & Hart 1997) . This examination aims to look for problems in swallowing motion and reflux along the gullet. Because of the rapid movement during swallowing activity, the medical officers tend to hastily capture the images in order not to leave out any abnormalities.
Another concern is regarding the screening time during examinations. The average screening time was recorded highest in barium enema examination compared to others. Barium enema is a procedure used to help diagnose diseases and problems that affect the colon and rectum (large intestine). The procedure took longer as it is usually done by a method called double-contrast. In a double-contrast or air-contrast study, the colon is first filled with barium through the anus and then the barium is drained out, depositing just a slight layer of barium on the wall of the colon. The colon is then occupied with air. This furnishes a detailed view of the inner surface of the colon, making it easier to see narrowed areas (strictures), diverticula, or inflammation. There are times where the patients cannot hold the gas and let it out, thus the air-filling step needs to be repeated. It contributes to the duration of the screening time. There are also some series of images taken and this involve over-couch radiography which gives more radiation compared to the screening (Lai et al. 2011) . The additional radiation dose is received when the image capturing needs to be repeated due to some issues like less air in the colon, wrong exposure parameters chosen or inaccurate positioning. On the other hand, the median value of the scattered dose level was the highest in barium meal examination, which is equivalent to 8.28 times of average dose imparted by chest x-ray examinations which is 20.0 µSv (Public Health England 2011). Barium meal examines further down the stomach and duodenum to the small intestine to investigate causes of haemorrhage, nausea or severe upper abdominal ache. All barium examinations, HSG, MCUG, and gastrografin study are using 'high kVp -low mAs' techniques to acquire fine details of the sites examined. In this study, high kVp value ranges from 80.5 to 125 kVp and mAs value as low as 0.5 to 2.3 mAs as tabulated in Table  2 . High kVp defined the high penetrability of the x-ray through the tissues, hence the high scattered radiation to the medical personnel and in the examination rooms.
The result of this study summarized that scattered dose from patients during fluoroscopy examinations are not negligible. The long fluoroscopy time, particularly during interventional procedures, may result in patient doses that cause deterministic effects of radiation in patients (International Atomic Energy Agency 2007). The biological effects are categorized as deterministic effects such as skin erythema, epilation, death as a result of acute exposure and also cataract formation. Another one is stochastic effects which include inheritable damage, cancer and leukemia (Wagner et al. 1994) .
Fluoroscopic procedures may accurately image and diagnose a wide range of conditions in both adults and children. However, radiographic examinations cannot be conducted using a "one-size fits all" approach. Paediatric patients, whose tissues and organs are still developing, are significantly more sensitive to radiation than adults (Brody et al. 2007; Strauss & Kaste 2006) . Correlation is significant at the 0.01 level (2-tailed).** Correlation is significant at the 0.05 level (2-tailed).*
In accordance with Beer (2008) , exposure factor suitable for child examination should be in the range of 60 to 80 kVp, where this audit proved compliances to the suggested range. On the contrary, this audit demonstrated violence in the number of images captured in MCUG; outlined as few as four to six images only, where we recorded as many as four times of it (Bolch et al. 2003) . As a guideline, these views are essential in this particular imaging; control film (including symphysis pubis), early filling view, full bladder view, voiding urethra view and full-length view (Al-Imam et al. 2008) .
Removable grids offer a large reduction in radiation dose of over 50 percent and are especially useful during pediatric procedures without degrading the image quality (Hernanz-Schulman et al. 2011) . The grid can be applied easily with a touch of a button in many fluoroscopy machines (Lai 2011) . Nevertheless, non-conformity for this parameter was found in two patients in MCUG and distal loopogram respectively. It is due to the negligence among doctors and radiographers. Hernanz-Schulman et al. (2011) concluded that children age of five and above should use anti-scatter grid while Schneider et al. (2000) preset it at the age of eight and above. In our case, those two patients are just four-and one-year old, respectively.
Regrettably, the data on fluoroscopy screening time is lacking in most of the published findings, unlike the data on exposure time. However, radiation doses are directly proportional to screening time, as we can see in the dose received by the doctors, solely in upper GI imaging where it recorded the longest screening time (New Zealand Ministry of Health 2010).
Radiation equipment operators need to be educated and alerted on dose optimization options through awareness campaigns, training curricula and continuing education programs (Nyathi 2012) . Although medical officers received training in radiation safety and radiation biology, these topics are not part of most medical school or postgraduate medical residency training for other medical specialists using fluoroscopy. One simple and straightforward way of reducing the radiation exposure to patients and medical personnel is to reduce the frequency of examinations and procedures. Some of the best practices that may help include; collimate to the smallest region needed with the largest field of view possible, consider removing grids for paediatric screening, use alternate C-arm gantry angles to avoid high skin doses in long procedures, never place any part of the body in the primary x-ray beam and consider increasing added beam filtration beyond minimum requirements (Nyathi 2012) .
It should be appreciated that for fluoroscopy and screening procedures, a reduction in patient dose will also result in a corresponding reduction in radiation worker dose (Russel 1986 ). According to Parry, Glaze and Archer (2001) , "radiation dose delivered during fluoroscopy procedures is highly dependent on the operator." However, most manufacturers install a variety of tools on fluoroscopy equipment to help personnel adhere to the ALARA (as low as reasonably achievable) principle (Herrmann et al. 2012) .
Personnel involved in the radiology suite, particularly the fluoroscopist, must be cognizant of the procedure time. It is imperative to maintain overall fluoroscopy time as low as possible for the reason that it lowers the patient exposure time due to less "beam on" time. There are policies requiring all fluoroscopy units to be equipped with a timer that alerts the operator to overload amounts of fluoroscopy, usually after 4.5 or 5 minutes of use (Pike 2014) .
A drawback that is frequently encountered is not using the last image-hold feature (Parry et al. 2001) . This is often one of the easiest and most effective ways to reduce a patient's radiation exposure. When fluoroscopy is stopped, an image continues to be displayed on the monitor. The last image-hold feature allows the image to be saved, thus reducing the need for another exposure.
An additional ordinary pitfall is incorrect distance between the patient and the image intensifier. The image intensifier should be placed as close to the patient as possible. Employing this practice will lessen both magnification and patient dose and also results in increased resolution and image quality (Parry et al. 2001) . Whenever possible, collimation should be used to display only the area of interest, thus limiting the amount of tissue being exposed to radiation. Another common pitfall encountered in fluoroscopy suites involves not using the most appropriate techniques according to the procedure type and patient size. Ensuring the kVp and mAs are suitable for the procedure being performed, will so much facilitate best practices in fluoroscopy. For instance, if a barium study is being performed, a higher kVp would be engaged to regulate patient's body habitus and the elevated concentration of the contrast being used.
Patient safety should remain the primary focus during fluoroscopic procedures, but care must also be taken to guarantee that all personnel involved in the procedure are as protected as possible. By using apposite personal protective devices and monitoring, the staff involved in the procedure will receive the lowest possible dose .
CONCLUSION
Managing fluoroscopic use is not limited only to radiation safety practices, but involves equipment performance evaluation and quality control testing, besides the monitoring of radiation doses to patients and personnel, as well as training and education of the medical personnel. The number of images and the length of screening time depend on the competency levels of the medical officers. They must restrain from capturing many images as not to overlook patients' irregularities. It is advisable for them to consult the fluoroscopist during each case.
